Breast cancer has been as common in Maori as in non-Maori women since incidence rates were tabulated separately by ethnic origin in 1962-1966 1 (Table 1) . Moreover, for the past 25 years Maori rates have been higher than those of non-Maori for women under the age of 40 years. [2] [3] [4] [5] [6] As Maori generally have been of lower socioeconomic status 7 and have had a substantially higher fertility rate, at least until the late 1980s, 8 one would have expected Maori rates of breast cancer to have been lower. While a higher proportion of Maori than of non-Maori are obese, 7 on published evidence this would help explain a higher risk in post-menopausal but not in pre-menopausal Maori women. 9 In order to assess whether other known or suspected risk factors for breast cancer were more common amongst Maori and so provide an explanation for the relatively high Maori rates, we have used data from a nationwide population-based case-control study of breast cancer in women aged 25-54 years carried out in New Zealand during 1983-1987. 10 Methods Subjects for the case-control study were selected from the population of women aged 25-54 years whose names were in the current electoral roll in New Zealand (electoral registration is compulsory), and whose telephone number could be found. Detailed methods of the study have been given previously and a high participation rate was achieved among eligible cases and controls (Table 2) . 10 Approval of the study protocol was obtained from the relevant ethics committees.
interview on menstrual and reproductive history; menopausal status; use of contraceptives, cigarettes and alcohol; and demographic variables. For each control, a 'reference date' was calculated by subtracting 6 months from the date of interview, to correspond to the mean time between diagnosis and interview among the cases.
Women were asked to which ethnic group they belonged (European/Pakeha, Maori, other Polynesian, or other) and what proportion of Maori ancestry they had (coded as 0%, Ͻ50%, 50-100%), even if they had identified themselves in the first question as non-Maori.
Statistical analyses
The percentages of Maori and non-Maori women in each category of risk factor were adjusted to the age structure of the total (Maori plus non-Maori) population according to age in 5-year groups. Categories of reproductive factors were: age at menarche (Ͻ12, 12-13, у14 years), parity (0, 1-2, у3 births), age at first full-term pregnancy (Ͻ20, 20-24, 25-29, у30 years), duration of breastfeeding (never, 1-11, 12-23, у24 months), and menopausal status (pre-menopausal, post-natural menopause, post-artificial menopause). Other variables were also examined: previous surgery for benign breast disease (no, yes), family history of breast cancer in a first or second degree relative (no, yes), highest level of education (ϽForm 5, Form 5, Forms 6-7, technical, university), socioeconomic status (Elley-Irving 6-point scale 11 ), body mass index (BMI, wt/ht 2 ; 18 months before interview, and at age 20), alcohol consumption (never or Ͻ1, 1-7, 8-14, у15 standard drinks per week), use of oral contraceptives (never, ever), and use of depot medroxyprogesterone acetate (Depo-Provera; never, last used у5 years ago, or more recent use). Using log-linear models with Maori/nonMaori as the dependent variable and adjustment for age in 5-year groups, the statistical significance of the difference between the ethnic groups was tested for each variable using the χ 2 test for change in deviance.
We also applied the multiple logistic model 12 using the SAS procedure GENMOD to calculate odds ratios (OR) as estimates of relative risk of breast cancer according to ethnicity, simultaneously adjusting for several risk factors.
Results
The control group from the case-control study comprised 89 women who identified themselves as Maori and 1771 as nonMaori (98% of European origin, 0.8% other Polynesian and 1% other). About three-quarters of the women were premenopausal (Maori 76%, non-Maori 77%). Table 3 shows the age-adjusted distribution of known and suspected risk factors for breast cancer among Maori and Continued non-Maori women in the control group. Among those aged 25-54 years Maori were significantly more likely than nonMaori to be less well educated and of lower social class, to have had their first child under the age of 20 years (36% versus 15%), to have had at least three children (71% versus 48%), and to have breastfed for Ͼ2 years (28% versus 9%). There was no significant difference between Maori and non-Maori with respect to age at menarche, having had surgery for benign breast disease, or a history of breast cancer in a first or second degree relative. The proportion of women who had ever used oral contraceptives was similar among Maori and non-Maori women aged 25-39 years, but among women aged 40-54 years it was higher among non-Maori. The pattern of use of the long-acting injectable contraceptive depot medroxyprogesterone acetate (DepoProvera) was different in that ever use was more common among Maori. Current use or last use within the last 5 years tended to be more frequent among Maori women (although these differences were not statistically significant-footnote to Table 3 ).
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Having less than one alcoholic drink per week was more prevalent among Maori than non-Maori, overall and in each age group, but a similar low proportion (1-2%) of each ethnic group reported having more than two alcoholic drinks per day.
In each age group a higher proportion of Maori than nonMaori were in the highest quartile of recent BMI, the difference being less marked for BMI at age 20. The median recent BMI for Maori was 26.6 and for non-Maori 22.8, and the prevalence of obesity (defined as BMIϾ30) was greater among Maori for recent BMI (20% versus 8%) and for BMI at age 20 (9% versus 2%). Among women aged 25-39 years, Maori and non-Maori did not differ significantly with regard to BMI at age 20.
When population-based cases were compared with controls, breast cancer risk was higher among self-identified Maori and increased progressively with the proportion of Maori ancestry (Table 4) . Compared with women with no Maori forebears, those with at least half Maori ancestry had an approximately twofold higher risk of breast cancer, both for women aged 25-39 years and for those aged 40-54 years, after adjustment for known risk factors including recent BMI.
When cases and controls were considered together, agreement between self-identification as Maori and reporting 50-100% Maori ancestry was high (kappa 0.86, 95% CI : 0.81-0.90). Of women calling themselves Maori, 79% reported 50-100% Maori ancestry; of women calling themselves nonMaori, 0.2% reported at least half Maori ancestry and 94% reported no Maori ancestry. Only 5% of women with at least half Maori ancestry identified themselves as non-Maori. There were no differences between women aged 25-39 years and those aged 40-54 years in this regard.
Discussion
In this New Zealand-wide case-control study women aged 25-39 years or 40-54 years reporting at least half Maori ancestry had an approximately twofold higher risk of breast cancer than those with no Maori forebears, thus confirming the excess seen in national statistics for women under the age of 40. Using data from the control group, significant differences were found between self-identified Maori and non-Maori women in the age-adjusted frequencies for education level, socioeconomic status, age at first full-term pregnancy, parity and duration of breastfeeding, the profile in all instances suggesting a lower risk of breast cancer for Maori. However, significantly more Maori than non-Maori were overweight (in the highest quartile of recent body mass index) or obese (BMIϾ30).
Could the excess of breast cancer in young Maori be attributed to ethnic misclassification? Denominator data for the published breast cancer rates have been derived from the h Q4 compared with Q1 + Q2 + Q3 (χ 2 test, 1 df): 25-54 years, P = 0.001; 25-39 years, P = 0.45; 40-54 years, P Ͻ 0.001. 5 -yearly national population census in which, up to and including that in 1981, Maori were defined as those with half or more Maori ancestry. 13 From the census in 1986 the question relating to ethnic origin changed to allow people to identify themselves using one or more of the following options: European, New Zealand Maori, Pacific Island Polynesian, Chinese, Indian, or other ethnic origin. Identification of origin only as Maori ('sole Maori') has been taken as the closest equivalent of 'half or more Maori ancestry'. 8 Cancer registration (providing the numerator) has been based on notifications from hospitals, where medical documentation of ethnic origin (Maori, Pacific Islander or other) uses a form of question suggesting cultural affiliation (ie. selfidentification). 14 A proportion of people with less than half Maori ancestry call themselves Maori and vice versa. When there is inconsistency and a resulting mismatch between classification at cancer registration and the census, age-adjusted incidence rates will be biased. Further inaccuracies may be introduced by undercounting the Maori population, for example, through inconsistencies in recording the proportion of Maori ancestry among emigrants. 14 Despite the changes in classification in recent years the higher rates reported in young Maori women have not been affected.
In 1981 the New Zealand population comprised approximately 280 000 Maori, 89 000 Polynesians originating from Pacific Islands other than New Zealand, and a further 2.9 million nonMaori. 4 During the periods 1962-1966 to 1972-1976 Pacific Island people were included in the non-Maori population 1-3 for the reporting of cancer incidence but from 1978-1982 they were considered separately. [4] [5] [6] This is unlikely to have distorted the Maori:non-Maori rate ratios to any substantial extent.
In the case-control study all participants were asked about their ethnic origin in the same way. Selection bias might partly explain an excess of breast cancer among self-identified Maori, as 91% of eligible cases and 73% of eligible controls on a Maori electoral roll participated. (Maori people choose whether to be on a Maori or a general electoral roll. As ethnic group is not given on the general electoral rolls, it was not possible to calculate the proportions of eligible cases and controls amongst self-identified Maori registered on these rolls.) However, such bias is not a plausible explanation for the excess risk in younger Maori women because of the similar excess evident in national incidence data. It is possible that the trend in risk with proportion of Maori ancestry could have been exaggerated. When we conducted sensitivity analyses in which (a) non-interviewed controls from the Maori roll or (b) non-interviewed cases and controls from both rolls were allocated according to the age-and roll-specific proportions of degree of Maori ancestry found among interviewed subjects, the differences in age-adjusted odds ratios according to degree of Maori ancestry were less marked.
The control group was selected at random from the electoral rolls and in general a high response rate was achieved. As selfidentification with Maori culture was considered to have a greater influence on a woman's lifestyle than the proportion of Maori ancestry, we used the former variable (Maori/non-Maori) in the comparison of risk factors. Despite the fact that women from the lowest social classes may have been under-represented (having a listed telephone number was an eligibility criterion), the findings were consistent with other national data 7,8 -lower social class and level of education, higher levels of body mass index, higher fertility and a higher proportion of non-drinkers of alcohol among Maori than non-Maori. We found no difference between Maori and non-Maori with respect to age at menarche, although Maori girls have been reported to begin menstruating at a median age of 12 years and 7 months compared with 13 years for non-Maori. 15 The lack of difference observed in this study is likely to be because we asked for this variable in terms of years.
National incidence rates of breast cancer in women under the age of 40 years have been higher in Maori than non-Maori since BREAST CANCER IN NEW ZEALAND 193 1968-1971. [2] [3] [4] [5] [6] Among other Polynesian populations, reported breast cancer age-adjusted incidence rates (per 100 000) were low in Western Samoa (1980-1988: 19.5) 6 However, in Hawaii rates of breast cancer among women under 40 years are similar in Hawaiians and whites. [1] [2] [3] [4] [5] [6] Since 1969-1971 in the USA, breast cancer rates for women under the age of 40 years have been higher in African Americans than in US whites with the reverse being true for older women; social class has been suggested as a partial explanation for this crossover. 17 The risk factor profile in regard to social class and reproductive variables suggested that breast cancer risk should be lower among Maori, at least over the age of 40. 18, 19 More Maori than non-Maori had used the long-acting injectable contraceptive Depo-Provera, either currently or within the last 5 years, although the difference was not statistically significant. Recent (or current) use of Depo-Provera, available in New Zealand since 1969, has been associated with an approximately twofold increase in the risk of breast cancer. 20 Adjustment for use of this contraceptive made little difference to the risk estimates in Table 3 .
Most investigations have shown that heavy body weight increases the risk of breast cancer in post-menopausal women but appears to be associated with a somewhat decreased risk in pre-menopausal women. 9, 21 The majority of participants in these studies have been of Causasian origin and it is possible that among Maori obesity also increases the risk in premenopausal women. However, despite high levels of obesity in Hawaiians in Hawaii, 22 no consistent excess of breast cancer was observed relative to the white population in Hawaii in women under the age of 40 years. [1] [2] [3] [4] [5] [6] While the appropriateness of body mass index has been questioned as a measure of obesity in Maori and other Polynesian groups, this has been in the context of cardiovascular disease. [23] [24] [25] There are no clear grounds for using a different approach in this study.
Endogenous hormones are important in the pathogenesis of breast cancer. Bone mineral density has been suggested as a marker of lifetime oestrogen exposure. 26 If higher lifetime exposure to endogenous oestrogens is associated with higher bone mineral density, then women with higher bone mineral density might have an increased risk of breast cancer. In a study of white women aged at least 65 years, the age-adjusted incidence of breast cancer was substantially higher among those with high bone mineral density at several measured bone sites. 26 In a New Zealand study, women of Polynesian origin were significantly more obese and had significantly greater bone mineral density in the lumbar spine and three femoral sites than Chinese, Indian or European women both before and after correcting for skeletal size. 27 Based on the metabolism of oestrogens Feigelson et al. have suggested possible roles for three candidate genes (17β-hydroxysteroid dehydrogenase 2 (EDH17B2), cytochrome P450c17α (CYP17) and estrogen receptor (ER)) in breast cancer aetiology. 28 By analogy with the understanding of carcinogenesis in the bladder, 28 polymorphisms in these genes may contribute to observed population differences in risk between racial groups. Such genetic factors may partly explain the higher than expected risk of breast cancer among Maori women. With regard to another common cancer, colorectal cancer, differences in inherited susceptibility have been postulated to explain rates in Maori which are unexpected on the basis of known risk factors. 29 
